enhances the adhesion and migration, mediated by a M b 2 integrin, of eosinophils on periostin, [12] [13] [14] an ECM protein 15 that is upregulated by type 2 cytokines such as IL-13 in the asthmatic airway, particularly in patients with asthma identified as T helper cell (Th) 2 immunity-high or type 2-high subjects. 3, 16, 17 A higher level of serum periostin in asthma is associated with a higher number of sputum and tissue eosinophils and higher degree of airway inflammation, as reported by fraction of exhaled nitric oxide (FENO). [18] [19] [20] Administration of anti-IL-13 or anti-IL-4 receptor-a causes an increase in blood eosinophil count, 3, 21, 22 consistent with a scenario in which IL-13-or IL-4-induced factors, including periostin, promote eosinophil trafficking.
We asked whether and how the polarized morphology of activated eosinophils observed in suspension evolves when cells adhere to periostin in the presence of IL-5. We now report that eosinophils transition from a morphology similar to that in suspension to a more spread morphology in which the dominant adhesive structures are podosomes containing F-actin, gelsolin and actin-related protein (Arp)-3. In addition, we report that the cells modify the periostin substrate and migrate on periostin in a manner involving disintegrin metalloproteinase-8 (ADAM8), which has been implicated in asthma in several human and mouse studies, [23] [24] [25] [26] [27] [28] [29] [30] including in an analysis of copy number variation. 31 2 | ME TH ODS
| Eosinophils
Eosinophils were obtained and purified from heparinized blood of donors (n=34) with allergy and/or asthma by negative selection using a cocktail of anti-CD16, anti-CD14, anti-CD3 and anti-glycophorin beads as before. 11, 12, 32 The purity and viability of eosinophils were ≥98%. The studies were approved by the University of WisconsinMadison Health Sciences Institutional Review Board. Informed written consent was obtained from each subject before participation.
| Periostin and ADAM8
The shortest carboxy (C)-terminal splice variant of human periostin, which lacks sequences encoded by differentially spliced exons 17, 18, 19 and 21 (PN0, UniProt identifier No. Q15063-7), was cloned into pAcGP67.coco (hereafter pCOCO-PN0), expressed in insect cells using a baculovirus system and purified as previously described. 12, 33, 34 The complementary DNA (cDNA) sequences corresponding to periostin FAS1 1-2 (residues P97-L365 relative to M1 of PN0), FAS1 2 (G234-L365), FAS1 2-3 (G234-I492), FAS1 3-4 (D368-L628) and FAS1 3 module C-terminus (D368-Q721) were amplified by polymerase chain reaction (PCR). The periostin FAS1 3 C-terminus cDNA sequence was amplified from the pCOCO-PN0
plasmid, thus lacking alternative exons 17, 18, 19 and 21. Primers were designed to obtain PCR amplicons with 5 0 KpnI and 3 0 NheI recognition sites. These sites were utilized for insert ligation into the pET-ELMER vector, which contains sequences for a 6xHis tag and thrombin cleavage site 5 0 of the KpnI restriction site. 35 After sequence verification, plasmids were transformed into BL21(DE3)-competent Escherichia coli. The 6xHis-tagged recombinant proteins were expressed and purified as described, 35 except that proteins were eluted from NiNTA agarose (Qiagen, Valencia, CA, USA) using pH 7.0 elution buffer containing 300 mM imidazole, which was removed through dialysis to obtain purified samples. PN0 was dialysed into phosphate-buffered saline (PBS), pH 7.4; periostin FAS1 2 was dialysed into 3-(N-morpholino) propanesulfonic acid (MOPS), pH 7.5; and the rest of the protein samples were dialysed into 1 mM acetic acid, pH 4.5. PN0 (produced in insect cells) contains a 6xHis tag followed by a thrombin cleavage site at the C-terminal end of the protein, whereas all other constructs (produced in bacteria) contain these two features at their amino (N) termini. As an alternative to insect cell-expressed PN0, human periostin, containing the alter- 
| Cell motility assay
Cell motility was assessed as before 12 with the following modifications. Wells were coated with 10 lg/mL periostin from R&D, blocked with foetal bovine serum (FBS). Then, 1-lm-diameter Polybeads were added to the wells. 12 After eosinophils were resuspended at 2 9 10 6 /mL in RPMI with 20% FBS, they were allowed to "rest" for 1 hour at 37°C. Eosinophils were then diluted 1:100 to 20 000/mL in RPMI-20% FBS and 50 lL (ie 1000 cells) was added to each well (containing a bead layer in 50 lL RPMI) in the presence of IL-5 (10 ng/mL final concentration) and incubated for 20 hours at 37°C. Wells were viewed in an Eclipse Ti inverted microscope (Nikon Instruments). Images were acquired and exported using NIS-Elements AR. Results were quantified using Fiji. 
| Periostin is cleared around adherent eosinophils by a mechanism attenuated by metalloproteinase inhibitors
We found previously that phorbol myristate acetate (PMA), which does not induce nucleopod formation in eosinophils, 11 increases podosome formation in eosinophils adhering to VCAM-1 and that eosinophils clear the VCAM-1 substrate. 36 To learn whether eosinophils adherent to periostin after stimulation with a physiological agonist, IL-5, also modify adhesive ligand, we stained for the substrate-bound periostin, using antiperiostin mAb Stiny-1. Cleared areas were present in the coating after adhesion of eosinophils for only 10 minutes (Figure 3A) . The layer was cleared progressively around adherent eosinophils, so that a greater area appeared to be cleared after 60 minutes | 1267 surface ADAM8 at baseline, as assayed by flow cytometry. 36 For these reasons, we examined the role of ADAMs, especially ADAM8, in eosinophil-mediated periostin clearance, using the ADAM inhibitor TAPI-1 37 and polyclonal anti-ectodomain ADAM8 antibodies. TAPI-1 and anti-ADAM8 attenuated periostin Stiny-1 epitope clearance ( Figure 5A-F) . When compared to F-actin in IL-5-stimulated eosinophils, punctate ADAM8 was detected in the same confocal microscopic slices, that is at the same level, as were the podosome-like structures (Figure 6B ) and therefore in close contact with the cell-substrate interface. However, punctate ADAM8 was localized more centrally whereas the podosome-like structures were more peripheral, and there was no overlap between the two ( Figure 6B ). The reticular ADAM8 staining in IL-5-stimulated cells was central and at higher planes (not shown). When compared to F-actin in unstimulated cells, ADAM8 was mostly localized more centrally whereas F-actin was mostly cortical ( Figure 6C ).
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| ADAM8 proteoforms in eosinophils and eosinophil supernatant detected by immunoblotting
Since the periostin Stiny-1 epitope was cleared in a relatively large area, a soluble rather than transmembrane form of ADAM8 is likely to be responsible. One route via which ADAM8 could be released to the supernatant is via proteolysis at the plasma membrane 40 Figure 6D ). In summary, the results indicate that soluble forms of ADAM8 are released from eosinophils over a one-hour incubation period and compatible with the observation that anti-ADAM8 attenuates clearance of the periostin Stiny-1 epitope over relatively large areas.
| ADAM8-mediated eosinophil migration on periostin
Because ADAM8 appeared to be involved in modification of the periostin layer by adherent eosinophils, we asked whether ADAM8 is also involved in the previously demonstrated migration of eosinophils on periostin, which is enhanced approximately 10-fold by IL-5. 36 As before, IL-5-stimulated eosinophils displayed random motility on periostin, clearing long tracks in a "lawn" of beads in periostin-coated wells ( Figure 7A ). In the presence of anti-ADAM8 ectodomain antibodies, tracks were fewer and shorter ( Figure 7B ).
Quantification of motility as cleared area of tracks using Fiji software demonstrated a significant inhibitory effect of anti-ADAM8 on eosinophil migration on periostin compared to control IgG ( Figure 7C ). cating that the process is mediated by the metalloproteinase ADAM8. The canonical isoform of ADAM8 is a transmembrane protein with expected primary structure of an ADAM family member. 40 In addition, ADAM8 is annotated as also existing as alternatively spliced 742-residue isoform 3 (UniProt No. P-78325-3), which lacks the transmembrane domain and cytoplasmic tail and has the potential to be secreted. ADAM8 is known to be expressed at a relatively high level on the eosinophil surface at baseline, as assessed by flow cytometry. 36 We previously found co-localization of ADAM8 and podosomes in eosinophils stimulated by PMA and adhering to VCAM-1, which is also cleared around adherent cells. 36 It should be noted that eosinophils stimulated by PMA do not polarize and do not form nucleopods. 11 In eosinophils stimulated to adhere to periostin by IL-5, however, ADAM8 was not found in the podosome-like human individuals at about 200-300 pg/mL and can be increased in disease states, for example in some eosinophilic pneumonias. 44 The contributions of blood or tissue eosinophils to the circulating pool of ADAM8 remain to be elucidated.
| DISCUSSION
ADAM8 is induced or upregulated after antigen challenge in mice, or in lung or sputum in human asthma or severe asthma. [23] [24] [25] [26] [27] Further, copy number variation analyses of multiple populations placed ADAM8 in the top three of 61 implicated "asthma genes". 15 The human studies on the adhesive and promigratory capacity of periostin and the association between periostin and airway eosinophilia and inflammation 12, 13, 18, 20 as well as the majority of the mouse studies support a scenario in which periostin promotes eosinophil recruitment to the airway. Thus, on balance, the evidence seems to point to pro-eosinophil recruitment roles for both periostin and ADAM8.
In conclusion, upon adhesion to periostin, IL-5-stimulated eosinophils undergo morphological change characterized by dissipation of the nucleopod, formation of podosome-like structures and the ability to modify adsorbed periostin and migrate on periostin. The latter processes are mediated, at least in part, by ADAM8. Rather than the highly spatially restrictive proteolysis associated with the classic podosome, modification of periostin is widespread and likely due to 
